Impact of Linker Length and Composition on Fragment Binding and Cell Permeation: Story of a Bisbenzimidazole Dye Fragment.
Small molecules that modulate biological functions are targets of modern day drug discovery efforts. In a common platform fragment-based drug discovery, two fragments that bind to adjacent sites on a target are identified and are then linked together using different linkers to identify the linkage for optimum activity. What are not known from these studies are the effects these linkers, which typically contain C, H, and O atoms, have on the properties of the individual fragment. Herein, we investigate such effects in a bisbenzimidazole fragment whose derivatives have a wide range of therapeutic applications in nucleic acid recognition, sensing, and photodynamic therapy and as cellular probes. We report a dramatic effect of linker length and composition of alkynyl (clickable) Hoechst 33258 derivatives in target binding and cell uptake. We show that the binding of Hoechst 33258-modeled bisbenzimidazoles (1-9) that contain linkers of varying lengths (3-21 atoms) display length- and composition-dependent variation in B-DNA stabilization using a variety of spectroscopic methods. For a dodecamer DNA duplex, the thermal stabilization varied from 0.3 to 9.0 °C as the linker length increased from 3 to 21 atoms, respectively. Compounds with linker lengths of ≤11 atoms (such as compounds 1 and 5) are localized in the nucleus, while compounds with long linkers (such as compounds 8 and 9) are distributed in the extranuclear space, as well, with possible interactions with extranuclear targets. These findings provide insights into future drug design by revealing how linkers can influence the biophysical and cellular properties of individual drug fragments.